IMPORTANCE Public reporting of procedural outcomes has been associated with lower rates of percutaneous coronary intervention (PCI) and worse outcomes after myocardial infarction. Contemporary data are limited on the influence of public reporting on interventional cardiologists' clinical decision making.
S everal states, including Massachusetts and New York, mandate public reporting of short-term mortality rates after percutaneous coronary intervention (PCI). Public reporting has been associated with lower mortality after PCIs 1 but may also promote PCI avoidance among physicians treating ST-elevation myocardial infarction, cardiogenic shock, and cardiac arrest. [2] [3] [4] [5] [6] [7] [8] Two prior surveys of interventional cardiologists in New York found evidence of avoidance of PCI and mistrust of public reporting systems.
9-11 These studies yielded limited information about how and why public reporting promotes risk aversion and whether it facilitates quality improvement and informed decision making. To build on this work, we surveyed interventional cardiologists in Massachusetts and New York about their knowledge, attitudes, and beliefs about public reporting of PCIs.
Methods
A survey was administered to a comprehensive cohort of interventional cardiologists in Massachusetts and New York between November 2016 and February 2017 using Research Electronic Data Capture, a secure, web-based research database.
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The personal and facility characteristics of all physicians identified as eligible to receive an invitation for the survey were obtained from Doximity, an online networking site for physicians; 2014 Medicare fee-for-service claims data; and the 2012 and 2013 American Hospital Association annual surveys of US hospitals. Physician-level data from Doximity have been previously validated and shown to be accurate. 13 Associations between survey responses and physician and facility characteristics were evaluated using univariable analysis and multivariable logistic regression in SAS, version 9.4 (SAS Institute). Personal and facility characteristics were also compared between participants and nonparticipants. A sensitivity analysis was performed to test for nonresponse bias. eAppendices 1 through 4 and eReferences in the Supplement contain the survey instrument and additional explanations of the methods. Any P value of .05 or less was regarded as significant.
Results
The study survey was sent to 456 interventional cardiologists, of whom 149 participated. The response rate was 32.7% overall, with 67 of 129 physicians participating in Massachusetts (51.9%) and 82 of 327 (25.1%) participating in New York. The mean (SD) age was 49 (9.2) years; 141 of 149 (94.6%) were men ( Table 1) . Participants had practiced interventional cardiology for a mean (SD) of 18.2 (9.7) years. Most respondents practiced at medium to large hospitals with high PCI volumes and cardiothoracic surgery capabilities (eTable 1 in the Supplement).
The median (interquartile range [IQR] ) number of PCIs among Medicare patients in 2014 was higher among participants (31 ) than nonparticipants (17 [0-41]; P < .001) ( Table 1) . No other significant differences were observed between the groups. Additional self-reported characteristics of participants and their facilities are in Table 2 and eTable 2 in the Supplement.
Of the 149 participants, 97 (59.1%) reported sometimes or often being pressured by colleagues to avoid an indicated PCI because of concern that the patient was at high risk of death ( Figure) ; 89 of 149 (65.1%) reported avoiding PCIs at least twice because of concerns of a negative publicly reported outcome, and 141 of 149 (94.7%) believed that other interventionalists in their state sometimes or often avoid PCIs because of these concerns (Figure and eTable 3 in the Supplement).
Among the 149 participants, 77 (51.7%) worried some or a lot that their superiors would not support them for performing an indicated PCI in a critically ill patient who later died of a PCI-associated complication (eFigure 1 in the Supplement); 110 (73.8%) reported sometimes or often delaying a coronary angiography or PCI procedure in a patient in cardiac arrest because of concerns about the patient's high risk of death (eFigure 2 in the Supplement). Four in 5 participants (121 of 149 [81.2%]) reported knowing some or a lot about public reporting systems' risk adjustment methods. However, 110 of 149 (73.8%) had little or no trust in these methods (eFigure 3 in the Supplement). Among participants, 118 of 149 (79.2%) believed that public reporting of PCI outcomes did very little or nothing to help patients make more informed decisions about whether to undergo an elective PCI, and 88 of 149 (59.1%) thought that public reporting of PCI outcomes did very little or nothing to help patients decide which health care facility to go to for an elective coronary angiogram and/or PCI (eFigure 4 in the Supplement). In the sensitivity analysis, weighting responses for predicted probability of survey completion did not meaningfully change the distribution of responses regarding risk aversion or knowledge and trust of risk adjustment (eTable 2 in the Supplement). Additional findings are presented in eFigures 5-7 in the Supplement. In multivariable regression, more experience practicing interventional cardiology was associated with lower odds of reporting pressure to avoid an indicated PCI (odds ratio [OR] per 1 year of experience: 0.94; 95% CI; 0.90-0.98; P = .002); lower odds of believing that other cardiologists avoid highrisk PCIs because of public reporting (OR, 0.90; 95% CI, 0.83-0.98; P = .02); higher odds of trusting risk adjustment methods (OR, 1.05; 95% CI, 1.01-1.09; P = .01); and insignificantly lower odds of reporting worry about being supported by supervisors for performing an indicated PCI in a critically ill patient (OR, 0.96; 95% CI, 0.93-1.00; P = .05) (eTable 3 in the Supplement).
Interventional cardiologists in Massachusetts had insignificantly lower odds than New York interventionalists of reporting avoiding high-risk PCIs at least twice (OR, 0.52; 95% CI, 0.26-1.04; P = .07) and were more likely to report trusting risk adjustment a lot or some (OR, 2.17; 95% CI, 0.97-4.76; P = .06) (eTable 3 in the Supplement).
Discussion
These results suggest that risk-averse attitudes and practice patterns remain prevalent among interventional cardiologists in Massachusetts and New York; that some interventionalists are skeptical that public reporting improves care quality and informed decision making; and that some do not trust risk adjustment methods used by public reporting systems. This is the third survey examining how public reporting of PCI outcomes influences the practice of interventional cardiology. To our knowledge, this study is the first to survey interventional cardiologists in Massachusetts about public reporting, and demonstrates that their concerns are consistent with those of interventionalists in New York. Furthermore, to our knowledge, this is the first attempt to quantify how many interventionalists avoid indicated PCI because of concerns about public reporting, and we found that nearly two-thirds of participants had done so at least twice. This suggests that PCI avoidance is not concentrated among a few risk-averse interventionalists. While we did not quantify rates of PCI avoidance among clinicians who acknowledged avoiding PCIs, any avoidance of an indicated procedure is concerning. Modifying public reporting systems to include all patients experiencing acute myocardial infarction, as opposed to patients undergoing PCIs alone, is a promising approach for further reducing risk-averse use of PCIs. Interventions designed to support and educate less-experienced clinicians may also help mitigate risk aversion.
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Limitations This study's limitations include a 32.7% response rate, which could limit external generalizability. However, comparisons of participants and nonparticipants and a sensitivity analysis suggest that responses may be broadly representative. Nonetheless, our findings should be considered exploratory and hypothesis generating. Additionally, we did not evaluate cardiologists' knowledge about why public reporting exists or how risk adjustment methods work in practice.
Conclusions
In summary, this study suggests that avoidance of PCIs because of concerns about public reporting remains pervasive in both Massachusetts and New York, that risk-averse practice patterns appear similar in Massachusetts and New York, and that less experienced interventionalists may be particularly prone to risk-averse use of PCIs. Coordinated efforts by policy makers, health systems leadership, and the interventional cardiology community are needed to ensure that public reporting of outcomes effectively improves accountability, care quality, and informed patient decision making. Author Contributions: Dr Blumenthal had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; or collection, management, analysis, and interpretation of the data. Although representatives of the funder provided feedback on the manuscript prior to submission, the authors maintained complete and independent control over manuscript preparation and revision and the decision to submit the manuscript for publication. 
Gupta

Additional Data Sources
Additional data on physician characteristics were obtained from the Doximity database.
Doximity creates accounts for all physicians included in the National Plan and Provider
Enumeration System National Provider Identifier (NPPES) registry. These doctors may register as users, and doctors without active NPI numbers can self-register. As of July We estimated each physician's years of experience from their date of board exam completion from the ABIM website (www.abim.org; methods described inAppendix D).
We used unique identifiers to de-identify survey responses and link them to physicians' Doximity profiles and primary practice facility characteristics
Analysis
We compared the personal and facility characteristics of respondents and nonrespondents using the t-test, Wilcoxon rank-sum test, chi-square test, the Fisher's exact test, ANOVA, and the Kruskal-Wallis test as appropriate. Survey responses were then aggregated and summarized. We evaluated associations between responses and physician and facility characteristics, including: gender; years of experience; physician and primary practice facility PCI volumes; publication number; performance of cardiac catheterizations at >1 facility; number of half-day cardiac catheterization lab sessions per week; whether the primary facility trains resident physicians and/or nurses or has an interventional cardiology fellowship; whether the facility offers cardiac surgery and heart transplants; and number of cardiac intensive care unit (CICU) beds. We dichotomized Likert scale responses to facilitate these analyses. We also performed selected, hypothesis-driven investigations of associations between responses to multiple survey questions. For example, because trust of risk adjustment methods plausibly influences willingness to perform high-risk PCI, we tested for associations between these variables. Finally, we constructed multivariable logistic regression models to identify predictors of responses to questions about risk aversion. These models controlled for all patient and facility level covariates evaluated in the univariable analyses, and evaluated question-specific associations between responses and up to seven covariates with Pvalues ≤0.10 in univariable analysis (we limited the number of covariates being actively evaluated in order to avoid overfitting). Two covariates -age and completion of an interventional cardiology fellowship -were excluded due to multicollinearity with years of experience. A two-tailed P-value of ≤0.05 was considered statistically significant.
Analyses were performed using SAS, 9.4 (Cary, NC).
Sensitivity AnalysisTo evaluate whether non-response bias influenced our survey findings, we constructed a logistic regression model with survey completion as the outcome and physician and hospital characteristics as predictors. We used the beta coefficients from this model to estimate each physician's predicted probability of survey completion. Respondents' answers to six questions about risk aversion and knowledge In making these calculations, we made the following assumptions in an effort to optimize the accuracy of our estimates.
The ABIM began offering board certification in interventional cardiology in 1999.
We assumed that interventional cardiologists who completed a formal interventional cardiology fellowship during or after 1999 took their ABIM board exams within one year of finishing their interventional cardiology fellowship and began practicing interventional cardiology within one year of passing their ABIM interventional cardiology boards.
Thus, we assumed that the year when these physicians initially passed the ABIM interventional cardiology boards closely approximates when they began independently practicing interventional cardiology (e.g. became attending interventional cardiologists).
We calculated these physicians' years of experience by subtracting the year when they passed the interventional cardiology boards from the year 2017.
Second, for interventional cardiologists who trained before board certification in interventional cardiology was available, we assumed that year of board certification in interventional cardiology would not accurately estimate the number of years that they had been practicing interventional cardiology. The ABIM has been offering the general cardiology board examination for more than 50 years, and the majority of practicing cardiologists took and passed this exam after completing their cardiology fellowship.
Furthermore, many of these cardiologists learned how to perform cardiac catheterizations during their general cardiology fellowships, and did not complete a dedicated interventional cardiology fellowship. We therefore assumed that these older cardiologists-whom we defined as having first passed their general cardiology boards We assessed the accuracy of our estimation of years of experience practicing interventional cardiology by comparing survey respondents' estimated mean years of experience (i.e. our own calculated estimates) with their self-reported years of experience practicing interventional cardiology, which they provided in the survey. No significant differences were observed between the mean years of experience calculated using these two different experience estimates. We see no reason why the accuracy of our method for estimating experience should differ systematically between survey respondents and non-respondents, and therefore believe that this method for estimating experience should be equally valid and reliable for both respondents and nonrespondents. 
